Please type a plus sign (+) inside this box — ^ | + \ 



to 



PTO/SB/05 (2/98) 
Approved for use through 09/30/00. 0MB 0651-0032 
Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infoimation unless it displays a valid 0MB control number. 



+ 



UTILITY 
PATENT APPLICATION 
TRANSMITTAL 

(Only for new nonprovisionaf applicatfons under 37 CFR 1.53(b)) 


Attorney Docket No. \ 51876.P160 


First Inventor or Application Identifier 


Young-Min Kang 


We 


FERROELECmiC RANDOM ACCESS MEMORY DEVICE CAPABLE OF REDUCING OPERATION FREQUENCY 
OF REFERENCE CELL 


Express Mail Label No. 


EM560643880US 



APPLICATION ELEMENTS 

See MPEP dhapter 600 concerning utiiity patent application contents 



ADDRESS TO: 



Assistant Commissioner for Patents 
Box Patent Application 
Washington, DC 20231 




2. 



10 



TTi Fee Transmittal Form 

(Submit an original, and a duplicate for fee processing) 
Specification 
^ (preferred arrangementseltior^below} 

- Descriptive title of the Invention 

- Cross References to Related Applications 

- Statement Regarding Fed sponsored R&D 

- Reference to Microfiche Appendix 

- Background of the Invention 

- Brief Summary of the Invention 

- Brief Description of the Drawings {if filed) 

- Detailed Description 

- Claim (s) 

- Abstract of the Disclosure 

g| Drawing(s) (35 CFR 113) TofefSfieefc [T] 

Oath or Declaration Ta^Pages | 2 [ 

Newly executed (original copy) 
Copy from a prior application (37 CFR 1 .63(d)) 

[Afofe Box 5 below] 
DELETION OF INVENTOR(S^ 
Signed statement attached deleting 
inventor(s) named in the prior application, 
see 37 CFR 1.63(d)(2) and 1.33(b). 



5. Q Microfiche Computer Program (Appendix) 

6. Nucleotide and/or Amino Acid Sequence Submission 
(if applicable, all necessary) 

a. Q Computer Readable Copy 

b. rn Paper Copy (identical to computer copy) 

c. Fj Statement verifying identity of above copies 



a. 
b. 



□ 



□ 



*H01EF0R(TEMS 1 & 13 :IN0RDER TOBEBmUED TO PAY SMALL ENJUY FEES, A 
SMALL ENJUY STATEMENTIS REQUIRED (37 CFR § 12/), EXCEFTFOHEFllED IN A 
PRlORAPPUCAVONISmJEDUPON(37aER § 1M 



ACCOMPANYING APPLICATION PARTS 



□ 
□ 

□ 
□ 
□ 



Assignment Papers (cover sheet & document(s)) 

37 CFR 3.73(b) Statement j— I Power of Attorney 
(when there is an assignee) ' — * 

English Translation Document (if applicable) 

Information Disclosure I^TI Copies of IDS 

Statement (lDS)/PTO - 1 449 ^ Citations 

Preliminary Amendment 

Return Receipt Postcard (MPEP 503) 
(Should be spec^cally itemized) 

*SmaII Entity i — i Statement filed in prior application, 
Statement(s) I — I Status still proper and desired 
Certified Copy of Priority Document(s) 
(if foreign priority is claimed) 

Other: priority, request; formal drawing^^ . . . 
.... subimttal 



16. If a CONTINUING APPLICATION, checi( appropriate box, and supply the requisite mformatm below and in a preliminary amendment: 

□ continuation □ Divisional □ Continuation-in-part (CI P) of prior application No: / 

Prior application tnfonnation: Examiner Group/Art Unit: 



For CONTINUATION or DIVISIONAL APRS onlv: The entire disclosure of the prior application, from which an oath or declaration is supplied under Box 4b, 
is considered a part of the disclosure of the accompanying continuation or divisional application and is hereby incorporated by reference. The incorporation 
can only be relied upon when a portion has been inadvertently omitted from the submitted application parts. 



17. CORRESPONDENCE ADDRESS 



I I Customer Nurrtier of Bar Code Letel 



(insert Customer No. or Attach bare code IsMhere) 



Con^espondence address bebw 



Name 



Address 



City 



Country 



BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP 



12400 Wilshire Boulevard, Seventh Floor 



Los Angeles 



U.S.A. 



State 



Telephone 



California 



Zip Code 



(310) 207-3800 



Fax 



90025 



(310) 820-5988 



Name (Print/Type) 



Signature 



Eric S. Hyman, Reg, No. 30,139 



Date 



2^ 



3 



+ 



Burden Hour Statement This form is estimated to take 0.fe hours to complete. Time will vary depending upon the needs of the individual case. Any 
comments on the amount of time you are required to complete this fomi should be sent to the Chief Infomiation Officer, Patent and Trademark Office, 
Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents. 
Box Patent Application, Washington, DC 20231 . 



FERROELECTRIC RANDOM ACCESS MEMORY DEVICE CAPABLE OF REDUCING 
OPERATION FREQUENCEY OF REFERENCE CELL 



Field of thR Invention 

5 

The present invention relates to a semiconductor device; and, 
more particularly, to a ferroelectric random access memory (FeRAM) 
device capable of reducing operation frequency of a reference cell. 

10 Description of the Prior Art 

Generally, a ferroelectric random access memory (FeRAM) 
device is a non-volatile semiconductor memory device, which 
employs the characteristics of a ferroelectric material having the 

15 residual polarity of a negative or positive direction. A structure 
of the ferroelectric random access memory is similar to that of 
a dynamic random access memory (DRAM) except that a storage element 
is made of the ferroelectric material. 

In the FeRAM, there have been two conventional schemes in order 

20 to discriminate whether data written to a memory cell is ^0" or 
The first conventional scheme employs a plurality of memory 
cells arranged in a matrix, each of which includes two transistors 
and two ferroelectric capacitors. The data discrimination of the 
first conventional scheme is accomplished by using the two 

25 ferroelectric capacitors, which are connected to a pair of bit lines, 
e.g. a bit line and a bit line bar, wherein one ferroelectric 
capacitor is connected to the bit line and the other ferroelectric 
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capacitor is connected to the bit line bar. That is, a ''I" is 
written to one ferroelectric capacitor and a "^0" is written to the 
other ferroelectric capacitor. 

On the other hand, a second conventional scheme employs a 
5 plurality of memory cells arranged in a matrix, each of which 
includes one transistor and one ferroelectric capacitor, while one 
column of the memory cells is provided with one reference cell 
having a storage element, i.e. a ferroelectric capacitor. To 
discriminate whether data written to a memory cell is 0" or 1" , 

10 the reference cell has the average of electric charges applied to 
a bit line. Accordingly, the data discrimination of the second 
conventional scheme is accomplished by using the reference cell, 
which discharges the average electric charges. 

- The second conventional scheme may reduce a cell area more 

15 than the first conventional scheme. However, every time each 
memory cell contained in the same colunm is selected, the 
corresponding reference cells should be also selected. Therefore, 
since operation frequency of the reference cell is greater than 
that of each memory cell contained in the same column, the 

20 ferroelectric capacitors of the corresponding reference cell are 
fatigued faster than the ferroelectric capacitor of each memory 
cell contained in the same column. As a result, the life span of 
the ferroelectric capacitor of the reference cell can be severely 
reduced, thereby affecting the reliance of the FeRAM. 

25 
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Suinmary of th^ Invention 



Itis^ therefore, an obj ect of the present invention to provide 
a ferroelectric random access memory (FeRAM) that reduces 
5 operation frequency of a reference cell, thereby reducing the 
fatigue of a ferroelectric capacitor of the reference cell. 

In accordance with an aspect of the present invention, there 
is provided a ferroelectric random access memory (FeRAM) device, 
comprising: a plurality of memory cells arranged in an M x J matrix, 
10 wherein M is a positive integer more than three and J is a positive 
integer; a number of reference cells connected to each column of 
the memory cells; and a cell selection means for selecting a memory 
cell in response to address signals from an external circuit and 
selecting a reference cell corresponding to the selected memory 
15 cell. 

Brief DR.qnri ption of the Drawings 

Other objects and aspects of the invention will become 
20 apparent from the following description of the embodiments with 
reference to the accompanying drawings, in which: 

Fig. 1 is a circuit diagram showing memory cells and reference 
cells of a ferroelectric random access memory device in accordance 
with the present invention; and 

^i^- 2 is a circuit diagram showing a memory cell selection 
circuit and a reference cell selection circuit connected to Fig. 
1. 
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Detail ed Description of the Invention 



Referring to Fig. 1^ a ferroelectric random access memory 
(FeRAM) device in accordance with the present invention includes 
a plurality of memory cells 10 connected to a bit line BLO and a 
number of reference cells 20 connected to a bit line BLl adjacent 
to the bit line BLO. The memory cells 10 is arranged in an M x 
J matrix, wherein M is a positive integer more than three and J 
is a positive integer. If the number of memory cells of each column 
is M = 2^, the number of reference cells is N. For example, if 
the number of the memory cells is 2% the number of the reference 
cells is eight. The N number of reference cells 20 connected to 
each column of the memory cells 10. For the sake of convenience, 
an M X 1 matrix of memory cells is shown in Fig. 1. 

Also, a cell plate CPO is positioned between the bit line BLO 
and the bit line BLl. The memory cells 10, each of which includes 
one transistor and one ferroelectric capacitor. Similarly, the 
reference cells 20, each of which includes one transistor and one 
ferroelectric capacitor. When one of word lines (WLO to WLM-1) 
is selected to operate one of the memory cells 10, a ferroelectric 
capacitor of the memory cell 10 operated discharges electric 
charges to the bit line BLO . When one of reference word lines (RWLO 
to RWLN-1) is selected to operate one of reference cells 20, a 
ferroelectric capacitor of the reference cell 20 operated 
discharges electric charges to the bit line BLl. 

Accordingly, the data discrimination is accomplished by 

4 



comparing the electric charges of the reference cell 20 with that 
of the memory cell 10. At this time, the operation frequency of 
the reference cells 20 is reduced more than that of the conventional 
reference cell. Thus, the reduction of the magnitude of residual 
polarity can be delayed in the ferroelectric capacitor of the 
reference cells 20 and its life span can be increased. 

Referring to Fig. 2, the memory cells 10 shown in Fig. 1 are 
connected to a memory cell selection circuit 200 and the reference 
cells 20 shown in Fig. 1 are connected to a reference cell selection 
circuit 300. 

The memory cell selection circuit 200 includes NAND gates 201 
and inverters 2 02 to generate a memory cell selection signal in 
response to address signals. Also, the reference cell selection 
circuit 300 includes NAND gates 301 and inverters 302 to generate 
a reference cell selection signal to select a corresponding 
reference cell. 

When it is assumed that the memory cell selection circuit 200 
is connected to the memory cells 10 via 256 word lines WLO to WL255, 
a NAND gate 2 01 receives eight address signals from an external 
circuit. The NAND gate 201 performs NAND logical operation, and 
an inverter 2 02 inverts an output signal of the NAND gate 2 01 to 
generate the memory cell selection signal, wherein the NAND gate 
201 has eight input terminals. 

The reference cell selection circuit 300 includes NAND gates 
301 and inverters 302 to generate a reference cell selection signal . 
When it is assumed that the reference cell selection circuit 300 
is connected to the reference cells via eight reference word lines 



RWLO to RWL7, a NAND gate 301 receives three address signals from 
the external circuit. The NAND gate 301 performs NAND logical 
operation and an inverter 302 inverts an output signal of the NAND 
gate 301 to generate the reference cell selection signal^ wherein 

5 the NAND gate 301 has three input terminals. 

Although the preferred embodiments of the invention have been 
disclosed for illustrative purposes^ those skilled in the art will 
appreciate that various modifications, additions and 
substitutions are possible, without departing from the scope and 

0 spirit of the invention as disclosed in the accompanying claims. 
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What is claimed is: 



!• A ferroelectric random access memory (FeRAM) device, 
comprising: 

5 a plurality of memory cells arranged in anM x J matrix, wherein 

M is a positive integer more than three and J is a positive integer; 

a number of reference cells connected to each column of the 
memory cells; and 

a cell selection means for selecting a memory cell in response 
10 to address signals from an external circuit and selecting a 
reference cell corresponding to the selected memory cell, 

. 2. The FeRAM device as recited in claim 1, wherein the number 
of memory cells of each column is M = 2^ and the number of reference 
15 cells is N. 



3. The FeRAM device as recited in claim 1, wherein said cell 
selection means includes: 

a memory cell selection circuit connected to the memory cells 
via word lines for generating a memory cell selection signal in 
response to the address signals to select a corresponding memory 
cell; and 

a reference cell selection circuit connected to the reference 
cells via reference word lines for generating a reference cell 
selection signal to select the corresponding reference cell. 

4. The FeRAM device as recited in claim 3, wherein said memory 
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cell selection circuit includes: 

a plurality of NAND gates, each NAND gate for receiving address 
signals from an external circuit to perforin NAND logical operation; 
and 

5 a plurality of inverters, each inverter for inverting an 

output signal of each NAND gate to generate the memory cell 
selection signal. 

5. The FeRAM device as recited in claim 3, wherein said 
10 reference cell selection circuit includes: 

a plurality of NAND gates, each NAND gate for receiving address 
signals from an external circuit to perform NAND logical operation; 
and 

a plurality of inverters, each inverter for inverting an 
15 output signal of each NAND gate to generate the reference cell 
selection signal, 

6. The FeRAM device as recited in claim 1, wherein the number 
of the memory cells is 2^ and the number of the reference cells 

20 is eight. 

7. The FeRAM device as recited in claim 4, wherein each NAND 
gate of said memory cell selection circuit has eight input 
terminals . 

25 

8. The FeRAM device as recited in claim 5, wherein each NAND 
gate of said reference cell selection circuit has three input 
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terminals . 

9. The FeRAM device as recited in claim 1, wherein said memory 
cells have one transistor and one ferroelectric capacitor^. 

5 respectively, 

10. The FeRAM device as recited in claim 1^ wherein said 
reference cells have one transistor and one ferroelectric 
capacitor, respectively, 

10 

11. The FeRAM device as recited in claim 1, wherein said memory 
cells are connected to first bit line. 

12. The FeRAM device as recited in claim 11, wherein said 
15 reference cells are connected to second bit line. 

13. The FeRAM device as recited in claim 12, wherein said 
memory cells and said reference cells shares a cell plate, wherein 
the cell plate is positioned between the first bit line and the 

20 second bit line. 
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Abstract of the disclosure 



A ferroelectric random access memory (FeRAM) device. 
Includes: a plurality of memory cells arranged in an M x J matrix, 

5 wherein M is a positive integer more than three and J is a positive 
integer; a number of reference cells connected to each column ofl 
the memory cells; and a cell selection means for selecting a memory 
cell in response to address signals from an external circuit an(;L 
selecting a reference cell corresponding to the selected memory 

10 cell. 
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